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Abstract
The prevalence of the World Wide Web in modern industries has turned web-based systems and internet applications into the 
main platforms for improving and supporting the completion of users’ tasks. Developments in web programming are necessary to 
reduce the working time and to enhance the reliability of web-based systems. In this paper, we developed a web-based catalog 
system that applies the AJAX technique and semantic technology. The new system is compared with conventional web 
programming systems in terms of page response time.
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Selection and peer-review under responsibility of the Faculty of Information Science & Technology, Universiti Kebangsaan 
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1. Introduction 
The Internet has become a much more reliable platform for providing content and sharing information between 
server responses and client, known as the end-user. From the classic method of providing static content on mark-ups
programming language, the world wide web technology has evolved to serve dynamic content or information 
retrieval that are often called web-based systems or web applications.
The main issues in a standard web application are the effectiveness and efficiency in providing the information 
needed by the user as well as the reliability of the system to interact with users. System response time is another 
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issue that requires consideration; producing quick results of the requested information reduces user working time as 
well as enhances the experience and comfort of using a web-based system. The techniques mostly applied by system 
developers to solve the above problems include using Asynchronous JavaScript and XML (AJAX) [1] on web 
pages.
AJAX is a combination script technique that enables partial post back when updating the web page during a 
client request for information from the web server. This technique improves the system response time because the 
browser only updates the necessary parts and not the entire web page.
Hence, this work focuses on developing a simple AJAX web-based catalog system to demonstrate the difference 
in system response times between conventional web pages and AJAX-enabled web systems. Users could input text 
queries to retrieve the information they need. This system is equipped with a text search engine that applies 
Semantic Technology to provide search results with higher accuracy. By obtaining the system results, we prove the 
hypothesis that the AJAX technique offers more benefits than conventional web programming on web-based 
systems. Such benefits include faster response time and reduced data trips between the client and server.
2. Background of the study
With the improvements in web programming language and its framework as well as the growth of internet 
browser technology, more techniques can be applied to build rich internet applications for dynamic content or 
complex systems that provide business solutions. In 2011, Web 2.0 [2] was described as the latest improvement in 
web programming for creating dynamic applications that combine markup and scripting languages with cascading 
style sheets. AJAX and the Semantic web technology are two techniques of Web 2.0 applications that provide 
numerous improvements in web-based systems.
Classic markup languages, such as HTML for interface design, form, and event commands, are still widely used 
by most websites although the client-side scripting technique AJAX is available to enhance usability and web 
application performance for end users. AJAX enhances user experiences on the Internet by increasing the 
responsiveness of interactive web applications, which then appear similar to traditional desktop applications. During 
usage of a traditional, non-AJAX web application, the user waits for the server to respond; a pause that results in the 
dreaded blank screen, progress bar, or hourglass. AJAX enables the server to work behind the scenes, and thus, the 
user can continue to interact with the web page.
AJAX provides numerous benefits and a brighter future for web-based applications. However, classic web 
programming is still used by several system developers who, without any attempts at AJAX implementation, may 
not realize the advantages they and their users could enjoy.
AJAX technology can be combined with other techniques to achieve higher effectiveness in information retrieval 
or query result. For example, the Semantic technology application provides a formal description of concepts, terms, 
and relationships within a given knowledge domain. This technique separately encodes meanings from data and 
content files, as well as from application codes. Given a question, semantic technologies can directly search topics, 
concepts, and associations that span extensive sources. In this paper, AJAX retrieves and displays real time query 
results onto the user interface.
3. Related works
Related published studies were reviewed during the development of this project. Such literature included books, 
articles, journals, websites, and other possible resources.
3.1. AJAX technique
Roodt [3] concluded that AJAX implementation on web-based systems significantly improved the performance 
and usability of a web page compared to its previous version with a non-Ajax application. These improvements were 
proven through AJAX implementation on the Hyves website (http://www.hyves.nl 2006). Hyves is the Netherlands’ 
largest social networking site with over 2 million unique users, over 12 million photos and videos, 10 million page 
views per day, as well as 180 web, database, and storage servers, which are increasing constantly. The AJAX 
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application model was implemented with some modifications on one of the most frequently requested pages of the 
website. This page contains user-placed content, along with meta information, such as comments, number of views, 
and examples. Almost all of the content is dynamically generated. The effect on performance was measured in two 
ways: network traffic and server load. The AJAX-enabled web page led to significant savings in network traffic 
based on the amount of page content that needed to be updated. Server load similarly decreased due to the reduced 
complexity of incremental updates. The writer commented that further attention in general is necessary, whereby 
there is no testing part of the AJAX page provided. This verification work is implemented in the current research, 
which focuses on the development of an AJAX-enabled web-based system and determines AJAX efficiency and 
usability.
Jonsson [4] applied AJAX on his web application and enhanced the usability along with other performance 
criterion, such as response time for end users. Jonsson developed a web application that could convert existing 
intranet applications using Microsoft Visual Web Developer 2008 Express Edition with embedded AJAX-enabled
features. With his basic knowledge of Java, Jonsson applied C-Sharp programming on this web-based system 
development.
The chosen database system was Microsoft SQL Server 2005 Management Studio Express Edition, bundled with 
the MS Visual Web Developer IDE. Jonsson also mentioned several possible advantages and disadvantages of 
AJAX web applications. The N-Tier system development was applied, whereby the presentation, business logic, and 
data access layers are separate. Though this research achieved its objective of determining the advantages of 
applying AJAX on web-based systems, it has some limitation such as lack of modern browser compatibility, 
authentication security and proves of advantages for AJAX enabled system.
3.2. Semantic technology
Pahl and Holohan [5] surveyed seven application types to demonstrate the different applications of ontology and 
the Semantic Web in the development of learning technology systems. In their article, the authors stated that current 
evolutions of the Web could affect educational technology. They introduced a knowledge space for learning 
technology and described its probable structure-building through ontology and other semantic web techniques. The 
Semantic Web is essentially a stack of techniques with XML providing syntactic interoperability at the bottom and 
OWL ontology offering knowledge representation and reasoning at the top. Ontology can benefit content 
development activities in two ways: representing and communicating knowledge. Instead of focusing on the 
technological benefits of semantic web, Pahl and Holohan provided several limitations: ontology development tools 
for semantic modeling and logical theories that are still in their infancy stages; human factors with the ability to 
represent knowledge to form relational ontology and reasoning; as well as existing applications that only involve 
ontology for a particular domain. The OWL and Semantic Web technique are necessary for the current research. 
Such method would enhance the search function as well as the efficiency and accuracy of query retrieval on the 
AJAX web-based system.
4. Software development methodology
The software development methodology that suits this project is the Rapid Application Development (RAD), 
which promotes a strong collaborative atmosphere and dynamic requirement gathering. The business owner (the 
author and his/her research group or faculty) will actively participate in prototyping, writing test cases, and unit 
testing to accelerate and support the iterative development to build this system.
4.1. Analysis of requirements
The analysis of requirements for developing the AJAX web-based system comprises details on functional and 
nonfunctional system requirements and constraints as well as design directives. Any assumptions necessary for 
system development are likewise included. This analysis produces output as software specification, which is the 
technical description of the developed software.
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4.2. Software design
Software specifications set up at the first stage are converted into software design, which include the following 
types.
4.2.1. Architectural design
Architectural design is the process of defining a collection of hardware and software components with their 
interfaces to establish the framework for the development of a computer system [6]. For this project, the chosen 
architectural design is the N-Tier layer model that includes Presentation and Business Logic layers as well as 
Business Object and Database tiers. The N-Tier architecture [7] is a client–server architecture whereby the 
presentation, application processing, and data management are logically independent processes. Fig. 1 shows the
overall architectural design followed in this project.
Fig. 1. Architectural design of the web-based catalogue system.
The presentation layer mainly creates the web template, graphic design, layout and style sheet, the process and 
configuration that enable the user interface to connect with the business logic application modules, and classes on 
accepting commands or queries. This term is defined in more detail in the User Interface Design section below.
The business logic layer contains all modules, classes, and functions that connect the database tier and 
presentation layer. All functional and non-functional requirements are normally implemented into a logical source 
code in this stage. The requested command, data, and query are processed, and the requested data and return value to 
the user interface are retrieved. The business object tier consists of variable collections and object constructors. The 
variables are largely used across the business logic classes or modules.  Database tiers connect the data layer to the 
database in the database management system (DBMS). Connection strings, dataset creation, SQL statement, and the 
supply parameter are managed in this layer. Direct communication is established only to the business logic layer and 
never to the presentation layer.  The architectural design with layer management distinguishes this development 
from that of traditional web-based systems, wherein an all-in-one source code is mainly applied to the process 
functional requirement.
4.2.2. Detail design
Detail design is the process of refining and expanding the preliminary design of a system or component to the 
extent that the design is sufficiently complete to begin implementation [8].
The detail design has a high-level and low-level design relationship, containing the following structures:
x Interface design, which describes internal and external program interfaces, as well as the design of the 
human interface.
x Architecture design, which describes the system architecture of the developed system as discussed above.
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x Data design, which describes data structures, attributes, and relationships that reside within the system. This 
design indicates the presentation of class, component, and deployment diagrams for the system.
4.2.3. Characteristic of system developed
The web-based catalog system named as e-Catalog System which has several functionality provided for each user 
type. It has two user types which is Administrator and member. Administrator is the one who manage the catalog 
listing and view the statistic of registered user and number of catalog in the database. In order to search catalog from 
the system, user need to register as member through the website. Member will be able to browse the catalog on the 
browsing catalog web page interface where the AJAX function is implemented. Member also enables to bookmark 
their searched catalog and manage to update or delete their bookmarked list so that become like a reference or 
searched history for them.
This system adapts the Dublin Core metadata standard for the catalog attributes. It implements only 6 metadata 
attributes which is creator, date, description, identifier, publisher, and title. Simple free text search engine is applied 
on the browsing catalog web page interface and it triggers the semantic technology module to run on the background 
for data retrieval to ontology database where catalog records saved.
4.2.4. User interface (UI) design
The UI design includes creating the layout, fonts, graphics, and certain commands that normally use HTML 
codes for such web-based systems.  The IDE or framework requires completion by AJAX-enabled library features to 
design the user interface. This type of framework significantly simplifies the working time and complexity of 
writing AJAX codes compared with manual code writing.
The IDE chosen to design the UI is Microsoft Visual Studio 2010 with AJAX-enabled and toolkit features. 
Instead of designing the UI, this framework compiles server- and client-side scripting to create a dynamic web-
based application and data retrieval system.  The programming language ASP.NET is chosen to design the UI and 
VB.NET language for server-side scripting. Client-side scripting, such as JavaScript, is also included to support 
client-side events or validations.
4.2.5. Data design
This design stage involves the database creation using the DBMS software. This particular development used the 
Microsoft SQL Server 2005.  Data definitions, structures, relationships, procedures, and data manipulation are 
designed. Therefore, the database diagram can be created once the database structure and relationship are completed.
4.2.6. Semantic definition
The semantic technology used is the Resource Description Framework (RDF) to provide a formal description of 
concepts, terms, and relationships within a given knowledge domain. An ontology development editor tool, such as 
Protégé, was used to develop OWL [9]. Fig. 2 describes the architectural design for the ontology module 
development.
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Fig. 2. Architectural design for the ontology module development.
4.3. Software implementation
Coding and programming tasks are key points in producing the software prototype or product, as listed below.
i. Source code
ii. Executable code
iii. User guide
iv. Technical Guide
The source and executable codes are combined by creating a web application project that compiles and creates 
executable files. This feature is supported inside Microsoft Visual Studio 2010, which helps in creating a one-click-
and-install web application project. This web-based prototype is developed under the Windows OS environment 
because the required framework, databases, and server are Microsoft products.  Prior to installing the web 
executable file into a server computer, the IIS requires installation as a server port to run and manage the ASP.NET 
web application. This project used the IIS version 7. After all server configurations are completed, the web 
executable file can be installed to set up the web-based application on the server computer. These documents require 
constant updates to track the changes made to the system.
4.4. Software testing
Software is tested at every phase of development iteration based on RAD processes.  The required testing is black 
box testing/performance [10] to check the performance of the web system prototype and to confirm that no bugs are 
detected. Another test on documentation confirms that the user manual is correct, readable, and updated with the 
current version of the system prototype.
4.5. Results analysis
Analysis of the results is based on the software testing report. The test results are evaluated based on achievement 
of the expected results.
5. Findings and results
As a software development product, the prototype of the simple web-based catalog system is built in two 
versions; one using AJAX-enabled functions and the other using conventional or non-AJAX functions. Both 
versions are equipped with the Semantic Technology or ontology module to achieve text search engine function 
support for searching the catalog information.  The system prototype has been tested using Firefox (12.0) browser 
and the add-on Firebug. The page response time was easily obtained for comparison with the results for both AJAX 
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and non-AJAX web pages.  Fig. 3 indicates the search catalog interface where the AJAX and semantic technology 
are applied.
Fig. 3. e-Catalog System Interface
On this page are two user actions that can trigger partial page updates wherein the AJAX technique is applied: the 
search button when users search for data in the catalog; and the bookmark button where users bookmark their 
requested catalog information. The same user interface is applied to the non-AJAX page version, which differs only 
in that user actions cause a full page reload or rendering.  
Fig. 4 and 5 clearly indicate the response time comparison between partial page update and full page rendering.
Fig. 4. Response time for non-AJAX page report on Firebug
Fig. 5. Response time for AJAX page report on Firebug
Fig. 4 indicates that three times of page request averages a response time of 417 ms to render the entire page 
completely to update the information upon page request. In comparison, Fig. 5 indicates a response time of only 16 
ms on average to update the necessary parts on the web page to provide the user-requested information. This 
difference is highly significant in that it shows that a web page using AJAX has higher advantages compared with 
conventional or non-AJAX web pages in terms of response time.
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6. Conclusions
This paper discusses the development of a simple web-based catalog system that applied the AJAX technique 
tailored with Semantic Technology. The response time for the partial page update is reduced compared with the full 
page rendering upon user request or action on the related web page. The proposed system provides higher 
performance and benefits both to the system developer (by the reduction of server load and creation of more user-
friendly interfaces) and to the end user (user-friendly interface, faster feedback for the requested information, and 
improved usability and experience because more page actions can be done and the user stays longer on the web 
page). However, using AJAX does not totally reduce the network traffic or server load, because more requests from 
a user that stays longer on the page would lead to higher traffic and would cause heavy work load on the web server. 
Thus, usage of AJAX is similarly dependent on the creativity and accuracy of the system developer, who decides in 
which situation this method would best apply.
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